This study evaluated the subchronic toxicity of selected halomethanes which are drinking water contaminants. The compounds studied were trichloromethane, bromodichloromethane, dibromochloromethane and tribromomethane. Subchronic 14-day gavage studies were performed with the use of doses encompassing one-tenth the LD50 for the compounds. A 90-day gavage study of one of the compounds, trichloromethane, was also done. Parameters observed included body and organ weights, histopathology, hematology, clinical chemistries, and hepatic microsomal enzyme activities. Toxicity to the humoral immune system was assessed by measuring the number of splenic IgM antibody-forming cells and the serum antibody level to sheep erythrocytes. Cell-mediated immunity was evaluated by measuring the delayed type hypersensitivity response and popliteal lymph node proliferation response to sheep red blood cells. The functional activity of the reticuloendothelial system, as measured by the vascular clearance rate and tissue uptake of 51Cr sheep red blood cells was also determined.
Introduction
In a study involving 80 U.S. cities, trichloromethane, bromodichloromethane, dibromochloromethane, or tribromomethane were found in all finished drinking water supplies at levels up to 311 ,ug/l. (1) . Finished water supplies for which surface water was the original source and in which disinfection was accomplished by chlorination contained the highest levels ofhalomethanes. Total trihalomethane concentrations were, for the most part, related to the chlorination of raw water containing organic material.
At present the effects of chronic low level ingestion of trihalomethanes in drinking water are not known, although it has been suggested by Cantor (2) that an association between bladder cancer mortality rates and trihalomethane levels in drinking water exists. To understand the toxicology of the trihalomethanes better, this study investigated their effects upon the immune system in addition to the usual toxicological parameters. We performed subehronic 14-day studies in male and female mice with the selected trihalomethanes, as well as a 90-day study with trichloromethane, to determine if effects seen with short-term exposure would increase or diminish with long-term administration. It was found that the trihalomethanes affected primarily the liver and the spleen, with resulting implications for the immune system, and that certain effects diminished with long-term exposure.
Materials and Methods
CD-1 male and female mice were purchased from Charles River Breeding Laboratories, Wilmington, Massachusetts, and housed four per plastic shoebox cage with sawdust bedding and free access to Agway Lab Chow and deionized drinking water. The mice were individually tagged by earpunching and quarantined for one week prior to experimentation. The room was maintained at 21-240C and a relative humidity of 40-60%. The light-dark cycle was set on 12 hr intervals.
Trichloromethane (Fisher Scientific Co., Richmond, Va. 23230; lot #790372), tribromomethane (Aldrich Chemical Co., Milwaukee, Wisc. 53233; lot #13294-2), bromodichloromethane (Pflatz and Bauer Inc., Stamford, Conn. 06902; lot #320355), and dibromochloromethane (Columbia Organic Chemical Co., Columbia, S.C.; lot #020580) were obtained from commercial sources. Solutions for gavage were prepared fresh daily in 10% Emulphor in deionized water, and appropriate concentrations were administered in a volume of 0.01 ml/g body weight to deliver the desired dose. The dose levels chosen for these studies were 50, 125 and 250 mg/kg/day for 14 days. A 90-day subehronic study was also done for one of the chemicals, trichloromethane, using the same dosages.
Animals were anesthetized with chloroform and blood was collected immediately by cardiac puncture. Gross pathological examinations were performed on all mice. The organs (brain, liver, lungs, spleen, thymus, kidneys, and testes) were then removed, trimmed, and weighed. Material for histologic analysis (kidney, liver, spleen) was fixed in 10% buffered formalin, infiltrated and embedded in paraffin, sectioned at 6 microns, and stained with hematoxylin and eosin. Livers and spleens not destined for histologic study were used in additional procedures.
Blood samples for hematological study were taken in 3.2% sodium citrate. Leukocyte, erythrocyte and platelet counts were performed on a Coulter Counter, Model ZBI. Hematocrits were performed with microhematocrit equipment and hemoglobins determined as cyanomethemoglobin.
Leukocyte differentials were evaluated using the standard Wright's-Giemsa staining procedure. Bone marrow cells were flushed from the femur in a-MEM with 5% fetal calf serum and enumerated on the Coulter Counter.
The plasma from the blood samples was assayed for extrinsic activity by prothrombin time. Reagents for this assay were obtained from General Diagnostics. Fibrinogen levels were determined by the kinetic method, using reagents from Dade Diagnostics Inc., Miami, Florida.
For clinical chemistry studies, additional blood samples were drawn by cardiac puncture from animals used for studies on humoral immunity, then allowed to clot. The sera from these samples were loaded onto an Abbott Bichromatic Analyzer, Model 100, and processed according to procedures described in the Operator's Manual.
Livers for microsomal assay were removed, weighed, rinsed, and homogenized at 4°C in four volumes of 0. 15M potassium chloride containing 0.1M potassium phosphate buffer, pH 7.4. The homogenate was centrifuged at 9000g for 20 min and the supernatant recentrifuged at 100,000g for 1 hr in a Beckman Model L5-50 ultracentrifuge. The microsomes in the pellet were resuspended in 0.05M potassium phosphate buffer, pH 7.4 (0.5 g of liver/ml), and aliquots were taken for immediate study.
Microsomal protein was assayed by the method of Lowry et al. (3) . The cytochrome P-450 content was determined from the reduced CO versus reduced difference spectrum, using an extinction coefficient of 91 cm-'mm71 (4) . Aminopyrine N-demethylase activity was determined by measuring formaldehyde production by the Nash reaction as described by Cochin and Axelrod (5). Aniline hydroxylase activity was measured as p-aminophenol production (6) .
The primary IgM response to sheep erythrocytes (sRBC), a measure of humoral immunity, was estimated by the hemolytic plaque assay of Jerne and Nordin (7) as modified by Cunningham and Szenberg (8) . Mice were immunized with 4 x 108 sRBC by IP injection 4 days prior to sacrifice. Spleen cell suspensions were prepared in RPMI 1640 culture medium using stainless steel mesh screens and adjusted to a cell concentration of 106/ml for assay of antibody-forming cells (AFC).
As a complement to the plaque assay, the plasma antibody titer was measured by the hemagglutination technique. Seven days after IP injection of 109 sRBC, blood was collected by cardiac puncture from chloroform-anesthetized animals into 3.2% sodium citrate. After centrifugation, the plasma was heat inactivated, and serial (1:1) dilutions were made in phosphate-buffered saline. To each of the dilutions in a microtiter well, an equal volume of a 0.5% suspension of sRBC was added. After incubation for 2 hr at 37°C, the plates were observed on a magnifying mirror for agglutination of the sRBC. The (11) . For these studies we used sRBC. Freshly-drawn sRBC (5 x 109 cells/ml) were radiolabeled with 51sodium chromate in a 37°C shaker bath with 1 mCi/5 ml cells for 30 min. After chromation, the sRBC were washed with Alsever's solution until the supernatant was virtually radioactivity free. Unlabeled sRBC (5 x 109 ml) were added to the labeled cells until the hematocrit was 10%. The resulting cpm's were approximately 200,000/0.1 ml. The sRBC were refrigerated and used the following day. Before use, the cells were washed to remove any free chromium released overnight.
Mice used for evaluation of RES activity were weighed and placed in shoebox cages maintained at 21°C. At zero time, 0.1 ml of labeled particle/10 g body weight was injected intravenously. Blood samples (10 ,ul) were taken from the tip of the tail at 2, 4, 6, 8, 10, and 15 min. The blood samples were put into 1 ml of distilled water and radioassayed. At the end of 60 min, the mice were sacrificed by decapitation and drained of blood. The liver, spleen, lungs, thymus, and kidneys were removed, weighed, and placed in tubes for counting in a gamma counter. Blood clearance is expressed as the phagocytic index, which is determined by the slope of the clearance curve. Organ distribution is expressed as percent organ uptake and cpm/mg tissue (specific activity).
In order to determine whether or not tolerance to certain halomethanes could be induced, the following experiment was conducted. Groups of male and female mice were gavaged with trichloromethane at the doses previously stated for 90 days. They were then given a single gavaged dose of 1000 mg/kg, an amount approximating the LD50 dose, and observed for lethality.
If a one-way analysis of variance of the means showed treatment effects, a Dunnett's T-test was performed (12 (Table 7 ). The ability of the liver to metabolize hexobarbital was impaired at the inter- In contrast to the males' change in body weight, females showed a significant decrease at the high dose (Table 9 ). An increase in liver weight was evident at the high dose regardless of the method of expression, whereas the decrease in spleen weight was significant only when expressed as total milligrams and occurred at the intermediate and high Subchronic Ninety-Day Study CD-1 male and female mice were gavaged with trichloromethane at 50, 125 or 250 mg/kg/day for 90 days. No chemically induced deaths were attributed to the compound during treatment.
Male mice showed no significant changes in body weight due to treatment (Table 10 ). Liver weight was increased both as total milligrams and as percent of body weight at the high dose. Spleen weight was not affected. Clinical chemistry values were essentially normal except for serum glucose, which was elevated at the intermediate and high doses.
Humoral immunity was affected at the 250 mg/kg dose in that AFC/spleen and AFC/106 cells were decreased. Total AFC/spleen also decreased at the low dose. Hemagglutination titer was not affected.
Hepatic microsomal activities were evaluated in the 90-day exposure study. Table 10 shows a suppression of microsomal protein at the high dose. There were also changes in the microsomal enzyme aniline hydroxylase, but they were not dose-related, increasing at the low dose and decreasing at the high dose.
Ninety-day trichloromethane administration did not alter body weights at any level of treatment in the female mice (Table 11 ). Liver weights were increased at all levels of treatment when expressed either as total milligrams or as percent of body weight. Serum glucose was increased in the females at the high dose only. The only change occurring in humoral immunity was a decrease in AFC/106 spleen cells at the low dose; not a dose-related effect. A 
Discussion
A result of industrialization and urban development has been an increased need for a monitoring system to assess environmental contamination pertaining to air, food, and water supplies. Since it is impractical, if not impossible, to completely eliminate many low-level contaminants, it is imperative that we understand the effects of exposure to these contaminants. Our efforts to insure potable water supplies through chemical treatment have contributed to the ever-increasing number of compounds to which we are exposed. The purpose of this study was to examine the effects of low-level exposure to selected halomethanes which are found in finished water supplies as a result of chlorination or industrial wastes. In addition to standard toxicological evaluation, the main intent was to investigate the effects of these chemicals upon the immune system. The use of the random-bred CD-1 mouse was a compromise between the random-bred rat, which is used for conventional toxicity testing, and the inbred mouse, which is most suitable for studies involving immune system function. Gavage was selected as the route of administration to control the amount of chemical to which the animals were exposed.
The major effect seen in subchronic 14-day administration of the compounds in regard to organ weights was an increase in liver weight. This was evident for all compounds and usually occurred in the intermediate and high dose groups of both sexes. This effect seemed to carry over into the 90-day study as was more evident in the female groups, in which liver weight was increased at all doses, whereas a significant change was only seen at the high dose in the males. It should be noted that in a number of instances the spleen weight decreased. This is of importance since the spleen is intimately involved with immune system function.
Hematological studies did not reveal any major changes in the cellular components of this system. However, a decrease in fibrinogen levels was noted with dibromochloromethane, tribromomethane and bromodichloromethane administration. This may reflect decreased capacity of the liver to synthesize the protein.
Alterations which occurred in the clinical chemistry parameters were indicative of hepatic disturbances. SGPT or SGOT were increased in both sexes with all compounds administered in the 14-day studies. In the 90-day study, this effect was not seen, perhaps indicative of recovery or tolerance to the compound used in the long-term experiment. The elevation in serum glucose level in the subchronic 90-day exposure may also reflect alteration in the ability of the liver to control glucose levels.
Although cell-mediated immunity was depressed in a few instances, these changes occurred only with the highest dose. Suppression of the humoral immune system was observed with all the chemicals under investigation in both sexes, the only exception being the females receiving tribromomethane for 14 days. Furthermore, a dose response was 'evident in almost all instances and, even when the decreases were not statistically significant, a definite trend toward reduction could be noticed. Thus it appears that the humoral immune system may be an indicator of halomethane toxicity. Further studies involving functional aspects of immunity are necessary to strengthen this observation.
The observation that subchronic 90-day exposure to trichloromethane did not exacerbate the changes seen to occur as a result of 14-day administration of the compound and, in fact, were less severe, points out the need for short-term studies to reveal effects which although transient, may have serious consequences under given circumstances, e.g., exposure to pathogens while the immune system is depressed. This is supported by the tolerance experiment, which revealed compensatory mechanisms being activated during subehronic 90-day exposure.
